Riassunto -Andamento temporale e uso complementare di una zona umida mediterranea (Tonga, Nord-est Algeria) da parte degli uccelli acquatici migranti e residenti.
INTRODUCTION
Mediterranean wetlands are important late summer stopover and wintering sites for large flocks of waterbirds and are located along migratory flyways (Palearctic-African migration) of many Palearctic and sub-Saharan species (Samraoui, 2008; Liordos, 2010) . Every year, migratory birds spend two-thirds of their time in wintering and stopover sites. Many authors (hoffmann et al., 1996; Liordos, 2010; Samraoui et al., 2011; Scarton et al., 2013) pointed out the key aspects of Mediterranean wetlands conservation and management to preserve these species. The value of a particular area as wintering refuge mainly depends on relative availability of suitable species-specific habitat types (Kloskowski, 2009; Rajpar, 2011) . Mediterranean wetlands usually have a varying spatial configuration, at finer scale, they are characterized by a wide range of habitat features mainly influenced by water flows and vegetation physiognomy (Liordos, 2010) . Therefore, wetland landscape units include: Flooded meadows, flooded forests, Mudflats, interspersed submerged and emergent vegetation and also open water body (Shine & De Klemm, 1999) . Species select often the available resources and the microhabitats in different ways throughout the wetlands, depending on their behaviour or spa-tial location for feeding (Paracuellos, 2006) . hence, behavioral responses are the first line of defense to selective environmental factors.
Studies on activity time budget of birds in their suitable habitats have been recognized as an important tool for understanding habitat use and niche separation, and consequently it is an invaluable aid for managing waterfowl communities and habitats (hepworth & hamilton, 2001) . For North-African waterbirds, activity patterns during non-reproductive periods have been quantified only for a few species, especially the endangered ones such as Marbled Duck Marmaronetta angustirostris, Ferruginous Duck aythya nyroca and White-headed Duck Oxyura leucocephala (Green et al., 2000; houhamdi & Samraoui, 2001; Aissaoui et al., 2009; Meziane et al., 2014) . Almost all studies considered single species or small communities and there have been no studies of activity patterns in large, multi-species assemblages.
Located in northeastern Algeria, Lake Tonga stands as one of the most distinctive natural reserve in the southern Mediterranean Sea. Almost 80% of its area is covered by rush beds and reed beds hosting 309 plant species (Boumezbeur, 1993) . Among birds, this area hosts more than 25,000 wintering birds (52 waterbird species identified by Elafri et al., 2016) . however, although the ornithological significance of this Ramsar site has been largely documented (Bakaria et al., 2002; Samraoui et al., 2008; Aissaoui et al., 2009; Nedjah et al., 2010; Lazli et al., 2012; Chettibi et al., 2013 ; see also Samraoui et al., 2013; Rouibi et al., 2013) , an analysis of activity time budgets and behavioral information on the guild of wintering waterbirds are currently lacking.
This paper describes the activity rhythms (time allocation during intervals throughout the daylight hours) of an assemblage of selected wintering waterbirds. We refer to the term "assemblage", as a taxonomically related assortment of species seasonally occurring in the study area (Magurran, 2004) . We estimated the time budget for a subset of 22 species, including tow distinctive assemblages, the Palearctic immigrant which Lake Tonga is the main wintering habitat and resident species during a pluriseasonal period (late summer-late winter). To our knowledge this is the first study conducted on this topic in a wet area of the North African coast.
MATERIALS AND METHODS

Study area
Lake Tonga (36°51′ N, 8°30′ E) is a shallow freshwater marsh of 2700 ha situated in the extreme north-east of Algeria near the Algerian-Tunisian border at 3 Km of the Mediterranean Sea and flows into it through an artificial canal ( Fig. 1 ). Almost 80% of its area is covered by helophytes and hydrophytes dominated by Scirpus lacustris, Typha angustifolia, Nymphaea alba, Salix atrocinerea and Phragmites australis. It is designated as a Ramsar site since 1983 and is part of the El Kala National Park (PNEK) [Wilaya of El-Taref (Lazli et al., 2011) ].The PNEK is a Man and Biosphere Reserve, part of an extensive wetland complex spread across northeast Algeria and housing a wide range of Important Bird Areas (IBA) and Ramsar sites (Samraoui & Samraoui, 2008) . The climate in the region is typically Mediterranean, characterized by warm to hot, dry summers and mild to cool, wet winters (Boumezbeur, 1993). 
Bird survey and behavioral observations
Data was directly gathered from our observation through a representative visual point that were opportunistically chosen because of their relative accessibility and unhindered view, using a 20-40×60 telescope (Konus Spotting Scope).
Bird activities have been recorded according to the Instantaneous or Scan Sampling method. When using this method, the behaviour of all individuals in a group of animals are recorded at predetermined time intervals during the daytime hours (for more details, see Altman, 1974) .
Twelve visits were made and 108 h of total research effort of the diurnal time budgets were conducted at Tonga Lake from late summer (September 2014) to winter (February 2015) . Observations were undertaken hourly during daylight hours in two periods from sunrise to sunset, i.e. "morning" (from 7:00-12:00) and "afternoon" (from 13:00-17:00) at approximately bimonthly intervals.
Sixty hours of observations were gathered in the morning and 48 observations hours were made in the afternoon. Further, according to the migration of the waterbirds in this area (arrival and departure of birds), the study period was divided into two phenological periods: i) late summer-autumn (September to November) and ii) winter (December to February).
To evaluate whether waterbirds change their daytime behaviour among the study periods, we surveyed a set of behaviours that were very easily identified as feeding, sleeping, swimming, resting (with comfort behaviour), flying, escaping (alert or vigilance), courtship (displays) and agonistic or antagonistic (aggressive behaviour; see Thompson & Baldassarre, 1991; Clark et al., 1994) .
Habitat use
Based on landscape elements observed from aerial photograph in winter and with the help of field observations, seven ecological units or substrates were categorized (Tab. 1 and Fig. 1 ).
habitat use for each group of species was estimated using the following expression:
n/N × 100 where n is the number of individuals of a particular species group in a particular habitat and N is the total number of individuals of the same group in the seven habitat types.
Data analyses
Activity time budgets were calculated by dividing number of instantaneous samples for each activity by total number of samples (Clark et al., 1994) , and the proportion of time devoted to a given activity by each species and in each period was estimated from the proportion of individuals engaged in that activity (Fasola & Canova, 1993) . Firstly, a hierarchical cluster analysis grouped birds according to the percentage of their daytime allocated for different behaviours into the most similar clusters.
This cluster analysis was tested numerous times in order to achieve the "best" clustering (paired group UPGMA method to aggregate data and the Bray-Curtis method to calculate distances). Then, to look at differences in activity budget across waterbirds species (migrants and residents) at different times of day and through the wintering season we performed the χ2 goodness of fit test because all behaviours values in percentage inside each species did not fit the normal distribution (we used Kolmogorov-Smirnov Test to check whether the data was normally distributed), also neither Yates' correction of the data nor Bonferroni p-values correction have been performed. Statistical tests have been performed using Excel Stat. 2014 and Statistica.10. Alpha was set at 0.05 level.
RESULTS
Activity budget
Overall, 22 waterbird species, 11 residents (breeding in Lake Tonga) and 11 Palearctic immigrants (breeding in the Palaearctic and spending the winter in Lake Tonga) with different feeding ecology were sampled.
Feeding, resting, sleeping and swimming were the major diurnal activities observed among the studied birds during winter in Tonga Lake (Fig. 2) . These four behaviours were the main driver of bird species clustering in the hierarchical cluster analysis (Fig. 3 ). According to this similarity analysis four groups of species were revealed. The first, more diversified, is formed by 11 species with a gradient of increasing feeding per cent ranging from 42 to 98% of the time observation (Figs. 2 and 3). In the dendrogram, these species were Eurasian Coot fulica atra, Gadwall Anas strepera, Glossy Ibis Plegadis falcinellus, Little Egret Egretta garzetta, Cattle Egret Bubulcus ibis, Grey heron ardea cinerea, Purple Swamphen Porphyrio porphyrio, Common Moorhen Gallinula chloropus, Northern Shoveler Anas clypeata, Northern Lapwing vanellus vanellus and Eurasian Wigeon Anas penelope.
Tab. 1 -Landscapes elements of the seven blocks.
Habitat Description
Cultivated field (agricultural field) Land planted with an agricultural crop (did not distinguish between the types of crops planted)
Uncultivated field (grassy field) Open land vegetated with grasses and forbs, never flooded.
Flooded meadows
Open land vegetated with grasses and forbs, periodically flooded in November-June period Mudflats Any exposed wet ground between the water and dry land, never vegetated.
Tall emergent vegetation
Corresponding to patches at macrophytes >50 cm (common club-rush and reed bed)
Floating-leafed vegetation Corresponding to the Nymphaeid area
Open water body
Larger and open area dominated by submerged vegetation The second group was formed by species restricted to sleeping behaviour where the proportion of time allocated for this activity was ranging from 40 to 75% (Figs. 2 and 3). Species in this group included White-headed Duck, Ferruginous Duck, Eurasian Teal anas crecca, Common Pochard Aythya ferina, Slender-billed Gull chroicocephalus genei and Tufted Duck Aythya fuligula.
The third group included the most dynamic species with high percentage of swimming activity (from 50 to 90%) such as Little Grebe Tachybaptus ruficollis, Great Crested Grebe Podiceps cristatus and Mallard Anas platyrhynchos.
The last group was composed by species positively associated with high percentage of resting behaviour from 70 to 90% of their diurnal time (Figs. 2 and 3) , such as Great Cormorant Phalacrocorax carbo and Black-headed Gull Chroicocephalus ridibundus.
Furthermore, we observed that the other activities (escaping, diving, flying, aggression and courtship display) were occasionally showed, i.e. all birds did not spend a lot of time or were never been observed in one of these behaviours. Also, desire of copulate, exhibited by courtship behaviours such as movements, vocalizations, or displays in this period of study was only restricted to Great Crested Grebe (7.45% of the time budget) and Eurasian Coot (0.02%) (Fig. 2) .
The partitioning of the daytime between the main activities varied greatly among species (Fig. 4) . Palearctic migrants spent much more time in sleeping (χ2 without Yates' correction=1188.07; df=1; P<0.001), swimming (χ 2 without Yates' correction=1413.4; df=1; P<0.001) and resting (χ 2 without Yates' correction=341.5; df=1; P<0.001) when compared to resident species that spent their time mostly in feeding activity (χ 2 without Yates' correction=5476.09; df=1; P<0.001).
Activity rhythm
There was no difference in the proportion of time spent on different activities at the course of daylight hours for resident species (χ 2 without Yates' correction=3.32; df=8; P=0.9). A basically uniform foraging rhythm was exhibited by this group of species. Also they rest, swim and slept uniformly during the two time periods of the day (Fig.  5 ). On the other hand, migrant species change their time budget throughout the daylight hours (χ 2 without Yates' correction=20.9; df=8; P<0.001), birds in this assemblage fed and rest much more in the morning, in contrast they swim and spent much more time exploring underwater in the afternoon.
Observational results (Fig. 6) were only from the major diurnal activities observed, in late summer-early winter as in late winter resident and migrant waterbirds did not behave similarly (early: χ 2 without Yates' correction without Yates' correction=72.91; df=3; P<0.001; late: χ 2 without Yates' correction=22.08; df=3; P<0.001), the first group spent much more time feeding as compared to the second group. Resident species behaved uniformly (χ 2 without Yates' correction=1.53; df=3; P=0.67), in contrast, diurnal time budget of migrant birds varied during the studied period (χ 2 without Yates' correction=54.99; df=3; P<0.001) as they slept and swam much more in late summer-early winter but fed and rested mostly in late winter.
DISCUSSION
Our results suggest that all birds spent much more of their daytime in four major activities. Firstly, foraging and feeding behaviours were the most frequently occurring, probably due to the availability of several foraging habitat types and abundant food items during the wintering season. These species were clustered into two different guilds. The first guild, included shallow-water generalists and omnivorous species (two Rails: Eurasian Coot; Common Moorhen and three dabbling ducks: Gadwall; Northern Shoveler and Eurasian Wigeon) which mainly benefited from the high plant biomass in this eutrophic ecosystem. More than 90% of the observed individuals (Fig. 7) of these birds used open water body as a foraging habitat. These species still observed pecking and gathering emergent, submergent, or floating aquatic plants and furthermore trapping other food items on the surface of the water as they swam (the most used for feeding by this guild were Potamogetonaceae as Potamogeton lucens, Poaceae, Cyperaceae, Typhaceae and haloragaceae as Myriophyllum verticillatum; Bakaria et al., 2002 and personal observations) . This guild were also observed feeding with lower proportions (less than 3% of total observation) ( Fig.  7) in the lakeshore zones (Flooded meadows) where an open land vegetated with grasses, forbs and macrophytes as Phragmites australis; Typha angustifolia and Scirpus lacustris. The second guild consisted of three heron species: Little Egret, Cattle Egret and Grey heron and 2 other long-legged wading birds as Purple Swamphen and Glossy Ibis. Both foraged in several habitats but in different proportions (Fig.7) . herons mainly used open water body (31.25%) especially shallow waters [the average depth of the lake in some central points is 0.5 m (Raachi, 2007)] where they are frequently observed capturing prey by striking (personal observations), followed by uncultivated field (26.56%) (Mainly used by Cattle Egret), and flooded meadows (24.21%). Further, herons in this lake never observed foraging in mudflats (0%). The latter result is much lower with Vasilios (2010) observations (18.8%) in the Saronikos Gulf, western Attiki, Greece, this is could be due to differences in habitat features and levels of edges disturbances.
More than 1/2 of the observed individuals of Purple Swamphen and Glossy Ibis used flooded meadows (Fig.   7) as a foraging habitat, followed by mud (34.13%), these species often observed eating small invertebrates picked out of mudflat or exposed soil.
Waders and Grebes are a single-species guild that exclusively used a single foraging habitat (Fig. 7) . Flooded meadows are the preferred habitat patches for waders with proportion of 92%. Grebes fed exclusively through open water body, it never observed outside from this habitat category during the wintering period (Fig.7) .
Secondly, sleeping is the main activity of four diving ducks, among them the endangered Ferruginous Duck and White-headed Duck. These birds sleep exclusively in the open water body (Fig.7) , mainly offshore relatively far from the coastline of the lake, this is perhaps associated with the high level of sensitivity to disturbance of these species (Draidi et al., 2013; Meziane et al., 2014) . Also, other groups were always observed sleeping in this category of habitat, except waders that sleep only in flooded meadows (Fig. 7) . The 3 rd behaviour occurred (swimming) is the main activity of grebes which are the most active species in this Lake among winter. For these birds swimming is often used as behaviour to search food resources either under or on open water body ( Fig. 7 ) (e.g. Ulenaers et al., 1992; Fox, 1994) . The remained groups were exclusively observed swimming in this portion of the Lake (Fig. 7) .
Finally, the wetland is considered as roosting area mainly by Cormorants and herons since they spent most of their day time resting and preening especially in Floating-leafed vegetation which are small islets in the middle of the lake dominated by a very dense submerged and floating vascular plants, principally the White Water-lily Nymphaea alba (see also Lekuona, 2002) . Diving ducks, Grebes, and Rails mainly rest in Open water body with high proportions 100% and 85% respectively (Fig. 7) . Waders and Gulls preferred resting in flooded meadows with proportions of 75% and 100% respectively (Fig. 7) . The Dabbling ducks species displayed an even higher diversity in the use of habitat categories in comfort activities principally, open water body (50%), flooded meadows (22%), mudflats (21%), tall emergent vegetation (4%), and floating-leafed vegetation (3%).
Furthermore, flying, escaping and social interactions such as courtship and agonistic display occupied a minor part of the waterbirds' diurnal time. Generally, flight and escaping occurrences appear due to many factors of di-sturbance: i) natural, such as during flights of the marauding Marsh harrier circus aeruginosus, or the antagonistic behaviour among various individuals (intra-specific or inter-specific antagonism) and ii) anthropic disturbances, such as farming, fishing, building, and also illegal hunting (Aissaoui, 2009) The first breeders on the lake were Great Crested Grebe and Eurasian Coot (Rizi et al., 1999; Rouibi et al., 2013) and this may explains their courtship behaviours in late winter.
however, in our study we can only draw conclusions about daylight hours. Since habitat use can be very different at night (see , any time budgets based only on diurnal observations may be misleading (Fasola & Canova, 1993) .
Resident species, as herons and Rails, were the most feeders and did not change their activity budgets either in daytime or around the study period. For these birds winter corresponds to their moulting period (all these species breed between spring and early summer in our study area: see Bakaria et al., 2002; Belhadj et al., 2007; Nedjah et al., 2010) , therefore, due to the increased energetic demands and other physiological requirements (Döpfner, 2009) , they spent more than half of their daytime feeding. Migrants, as dabbling and diving ducks and gulls fed less than residents: they spent the same proportion of time on the four major activities, previous research (e.g. Fasola & Canova, 1993) indicates that wintering ducks feed almost exclusively at night. Against resident species, activity schedules of migrant waterbirds were affected by seasonal periods: sleeping was the highest at early winter matching the migratory arrival dates; depending on the travelled distance birds spent more daytime sleeping than any other activities (Newton & Brockie, 2008) .
This natural Mediterranean wetland appears an important area for waterbird since it allows them to exercise all their main activities with limited natural or human-induced disturbances. It constitutes an important foraging site for most species (herons, Rails, dabbling ducks and other wading birds). Moreover, Lake Tonga was an excellent roosting area of diurnal time-activity budgets (including sleeping and swimming) especially for colonial waterbirds (Cormorants and Gulls) and diving ducks, among them the endangered Ferruginous Duck and White-headed Duck.
The existing of numerous habitat types may favour the use of this natural wetland in a complementary way by a high number of waterbirds. A variety of foraging habitat types was used during the wintering season. Although interspecific variation in habitat use was considerable, the 3 main habitat types, open water body, mudflats, and flooded meadows were the most utilized by almost all species (Fig. 8) . In contrast, floating-leafed vegetation, and tall emergent vegetation [Scirpus lacustris, Typha angustifolia, Nymphaea alba, Salix atrocinerea and Phragmites australis (Boumezbeur, 1993) ], which accounted for 80% of the area, were mainly preferred in resting activities (Cormorants and herons). In addition, other characteristics of this wetland as i) large size area (2700 ha) and ii) relative depth, iii) it is near to the sea and other several wetlands and iv) very difficult accessibility for human and predators offering a quietness refuge for the focalized species.
The acquired knowledge about the behaviour requirements of these waterbirds and describing the main related features of the landscape can be used for the conservation and proper management (Integrative management strategies can enhance conditions for waterbird guilds with different habitat requirements) of this and other coastal wetlands of the Mediterranean as well as similar areas around the world.
